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1 | INTRODUCTION

In humans, a cervical rib is a supernumerary rib occasionally aris-
ing on the seventh cervical vertebra. It can be unilateral or bilat-
eral (Adson and Coffey, 1927), and the distal end may be free or
articulated with the first rib (Cave, 1975). Its proximal end is clearly
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Abstract

Despite the medical literature on supernumerary cervical ribs in extant adult sam-
ples, little is known about their development and occurrence in early infancy. The
documentation of cervical ribs in modern samples of fetuses and neonates is indeed
affected by ethical as well as technical limitations. The aim of the present study was
to investigate their frequencies and morphological variability in the first known ar-
chaeological collection of very young children with this anatomical variant. The study
sample comes from the 8B-51 necropolis on the Sai island (Sudan) and dates to the
Classic Kerma Period (XVIlle-XVle centuries BC). It consists of 64 individuals de-
ceased between 24 weeks of amenorrhoea and 2 years of age. Bilateral or unilateral
cervical ribs were found in 27 individuals. A total of 43 cervical ribs were identified,
38 of which are fully preserved. According to these observations, at least 42% of the
individuals have unilateral or bilateral cervical ribs, with an average maximum length
of < 1 cm. This frequency is very high compared to those observed in contemporary
adult samples (up to 3%). First, the comparison of our results with biological and ge-
netic research demonstrating the link between the occurrence of cervical ribs and a
reduced chance of survival during infancy allows the first identification of this trait
as an indicator of morbidity in an archaeological collection, a morbidity to which a
genetic homogeneity or even endogamy could contribute. Second, the number of
ribs studied makes it possible to propose a morphological classification based on the
general shape and the shape of the articular facets, classification that can be used tos
refine the analyses of the trait in future samples.
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developmental anomalies, discrete traits, Kerma, neonatal death, risk marker, Sudan,

supernumerary rib

distinct from the vertebra, a characteristic that distinguishes it from
apophysomegaly, i.e. the elongation of the vertebral transverse pro-
cess (Le Double, 1912; Ray et al. 1953; Merks et al. 2005; Bots et al.
2011; Viertel et al. 2012; Chan et al. 2013). The cervical rib is influ-
enced during its development by surrounding muscles, nerves and

vascular structures. In adults, it is asymptomatic in 90% of cases
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(Demondion et al. 2006), but sometimes the subclavian artery and
nerve can be compressed between the rib and the anterior scalene
muscle, which can cause blood vessel stenosis, pain and paresthesia,
symptoms that are sometimes referred to as thoracic outlet syn-
drome, or TOS (Ray et al. 1953; Bertelsen et al. 1968; Sanders and
Hammond, 2002; Cubuk et al. 2010; Chandak, 2014; Erickson, 2015;
Hussain et al. 2016; Spadlinski et al. 2016; Jiang et al. 2019; Morel
et al. 2019). The occurrence of symptoms is highly variable, depend-
ing on the shape, size and relationships of the different anatomical
structures, but it generated a considerable scientific interest for the
incidence and morphological diversity of cervical ribs in adults. This
interest dates back to late antiquity, with the first description of
the anatomical trait by the Greek physician and philosopher Galen
(Boudon-Millot, 2012). Numerous studies have then focused on
this topic since the 18th century (Hunauld, 1742), with synthesis
and anatomical descriptions published by Gruber (1869), Le Double
(1912) or Patterson (1940). More and more research is being con-
ducted today as surgical operations have become commonplace
(e.g. Spadlinski et al. 2016).

Study Type of sample n/N
Steiner, 1943 Radiographs 19/38 105
Etter, 1944 Radiographs 40000
Pionnier and Depraz, 1956 Radiographs 10000
Singh, 1973 Radiographs 9439
Palma and Carini, 1990 Radiographs 724
Brewin et al. 2009 Radiographs 710/1352
Galis et al. 2006 analysis of existing dataset
Topinard, 1877 Dried skeletons 2/350
Paterson, 1893 Dried skeletons 0/132
Bianchi, 1894 Dried skeletons 0/130
Staderini, 1894 Dried skeletons 1/100
Fischel, 1906 Dried skeletons 5/524
Henderson, 1914 Radiographs 31/80 000
Southam and Bythell, 1924 Dried skeletons 9/2000
Steiner, 1943 Radiographs 19/38 105
Berner, 1944 Radiographs 9182/4 333 200
Sycamore, 1944 Dried skeletons 10/2000
Lanier, 1944 Dried skeletons 6/559
Crimm, 1952 Radiographs 68/40 000
Crimm, 1952 Radiographs 116/71 877
Bokhari et al. 2012 Radiographs 34/1000
Verna, 2014 Medical scan 21/999
Bhat et al. 2015 Radiographs 50/1871
Dharmshaktu and Bhandari, 2016 Radiographs 12/1500
Davran et al. 2017 CT scan 19/560
Agarwal et al. 2018 Radiographs 63/8000
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New population-level data have therefore been available since
the second half of the 20th century, indicating that cervical ribs are
observed in up to 3% of the adult samples, depending on the popu-
lation and the methodology used (Table 1).

Clinical case studies also distinguish three types of cervical ribs in
adults (Figure 1). The first, 'rudimentary' or 'atrophied, type has the most
restricted development. It may have either a proximal articular facet as-
sociated with the transverse process, or two proximal articular facets,
one associated with the body of the vertebra and the other with the
transverse process. A second undeveloped morphological type is called
‘phalanx-like' in the English medical literature (Patterson, 1940). These
ribs, several centimetres long, have a proximal articular facet associated
with the transverse process, and a distal end that tapers off. The third
type is the 'rib-shaped' cervical rib, which is larger than both previous
types and strongly resembles a first rib, with two proximal articular
facets. Intra-individual morphological diversity does exist for bilateral
cervical ribs, since left and right ribs may be similar in shape and size
or, conversely, may have extremely different morphologies (Patterson,
1940).

TABLE 1 Overview of the frequency
of cervical ribs in different contemporary
0.1 study samples of adults with 100 or more
0.2 individuals

Frequency?, %

0.5
0.7
2.5
0.7

~ =, O O O

0

0.5
0.1
0.2
0.5
11
0.2
0.2
3.4
21
2.7
0.8
3.4
0.8

Abbreviations: CT, computed tomography; n/N, number of individuals with cervical ribs/number of

individuals in the sample.

#Frequency of cervical ribs in the sample.
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FIGURE 1 Morphological types of adult cervical ribs usually distinguished based on clinical studies. (A) 'rudimentary' or 'atrophied' type,
(B) 'phalanx-like' type, (C) 'rib-shaped' type, modified after Patterson (1940, pp. 534-535, figures 4, 6 and 21)

Despite very good knowledge of the frequencies and morphology
of cervical ribs in extant adult samples, little is known about their de-
velopment in the early stages of life and in past populations. The doc-
umentation of cervical ribs in young immature specimens is indeed
affected by ethical as well as technical limitations. Unlike adults, the
occurrence of cervical ribs in young children very rarely leads to med-
ical consultation, and recent studies have mostly been carried out on
postmortem examination. Studying individuals who died at an early age
raises additional ethical considerations. When ethical requirements
allow the implementation of a study, it is carried out retrospectively on
the basis of radiographic or computed tomography scanning examina-
tions. The resolution of these images allows frequency data to be ac-
quired, but is not sufficient to document the morphological variability
of the cervical ribs accurately; this remains undocumented in neonates
and infants. Furthermore, the available data also only describe modern
populations. Some individual case studies of cervical ribs in the archae-
ological record have been published (Denninger, 1931; Drupka et al.
2019), but no archaeological collection has been comprehensively as-
sessed for cervical rib frequencies up until now. The excavation of the
Classic Kerma necropolis 8B-51 on Sai Island (Sudan), however, led to
the discovery of many individuals who died at a very young age, many
of them with cervical ribs (Murail et al. 2004; Murail and Geus, 2006).
In the present study, we focused on this archaeological collection (a)
to investigate the gap between the very high frequencies observed in
this past population and those observed in contemporary collections,
in order to propose the potentially simplest explanation for such a bio-
logically uncommon trait expression in this Kerma group, and (b) to doc-
ument the morphological variability of cervical ribs in human early life.

2 | MATERIAL AND METHODS
2.1 | Study sample

The study sample comes from the 8B-51 necropolis located on the
Sai Island (Sudan), on the Nile, ~100 km north of the third cataract
(Geus, 2000). The site is located near the eastern shore of the island,
to the northeast of the sandstone eminence named Gebel Adu, and
covers 150 m? (Figure 2).

A total of 66 individuals, 64 immature individuals and two
adults, were exhumed using the techniques recommended by
Duday et al. (1990) and Duday (2009). It was dated to the Classic
Kerma period [grave 1:1582 + 40 cal BP; grave 10:1570 + 35 cal BP;
grave 32:1633 + 42 cal BP; grave 66:1685 + 38 cal BP, based on C14

dating of the material (Murail et al. 2004; Murail and Geus, 2006)].
Only the immature individuals are analyzed in the present biological
study (Partiot, 2018), which includes the acquisition of metric data
and the estimation of age at death. We also searched for osteologi-
cal anomalies, such as axial dysplasia (cranial malformations, sagittal
clefts of the vertebrae, transitional vertebra in individuals whose
vertebral sequence was fully preserved, lumbar ribs, bifid ribs, rudi-
mentary 12th ribs, costal fusions), appendicular dysplasia (abnormal
bowing or shortening of the limbs, radio-ulnar fusion) and changes
suggestive of potential metabolic disorders (Lewis, 2017).

Ages at death of the immature individuals were estimated in
weeks of amenorrhoea based on the length of long bones. The
method of Fazekas and Kosa (1978), revised by Sellier (Schmitt and
Georges, 2008), was selected because it is applicable to seven long
bones and to fetuses and children up to 4 years of age, and has con-
fidence intervals (Sellier et al. 1997). The method of Adalian et al.
(2002), although developed on a large reference collection, could
not be used because it only applies to the femur, and only to individ-
uals with < 41 completed weeks of amenorrhea (CWA).

The sample includes 54 children who died during the perina-
tal period lato sensu (between 24 to 48 CWA, i.e. approximately
2 months postpartum, according to the definition chosen in this
study), five children aged between 49 CWA and 1 year, and five
children aged between 1 and 2 years. This very particular age pro-
file of the necropolis population indicates that the site is dedicated
to newborns and very young children (Murail et al. 2004; Murail
and Geus, 2006). In order to improve analysis accuracy for the sam-
ple of individuals deceased at 24-48 CWA, we determined sub-age
groups distinguishing the highly premature individuals who died at
24-34 CWA (n = 3), the slightly premature individuals who died at
35-37 CWA (n = 2), the full-term individuals whose age-at-death
confidence intervals included the theoretical term of 40 CWA
(n = 32), and the newborns who died at 41-48 CWA (n = 17). All of
the above form the group of individuals deceased during the peri-
natal period.

2.2 | The cervical ribs

The individuals were buried in an ancient Nile Valley alluvial forma-
tion, very rich with small gravels and sands and very fine sediments
such as Nile silts. All the graves are primary individual graves in the
ground, with the exception of two possible double graves and one
possible secondary burial (Leclerc, 1990; Duday, 2009). The climate,
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FIGURE 2 Location of the necropolis on the (A) Sudan scale and (B) Sai Island scale, and (C) map of the location of burials according to
the age at death of the individuals, modified after Murail et al. (2004, pp. 268-269, Figures 1 and 2)

the 'nature' of the substratum, natural mummification and funeral
practices (Maureille and Sellier, 1996) have preserved most of the ana-
tomical connections of the buried individuals, with the exception of
several disturbances by looting of two burials (522 and S68). In some
cases, the sediments filled the spaces left by the decomposition of the
corpse. This specific context and a precise excavation project, led by
physical anthropologists, as well as chance (the first adult specimen ex-
cavated presented cervical ribs), have favoured the discovery of such
small bone elements, including the neonate cervical ribs (Figure 3).
The cervical ribs were identified near the hemi-arch of the seventh
cervical vertebrae. Their bilateral or unilateral occurrence was noted in
situ for each individual in the sample. Most of the individuals were bur-

ied on their backs, which facilitated the lateralization of these very small

elements. For some poorly preserved burials or for individuals buried
on their side, the supernumerary ribs could not be lateralized with cer-
tainty. Owing to the difficulty in distinguishing between the upper and
lower surfaces on some very small elements, it was not possible to later-
alize them retrospectively. A pair of cervical ribs on a highly premature
individual (individual S3) was removed but broke during an attempted
consolidation process using a mixture of white glue and acetone. These
elements were included in the frequency count and in the morphologi-
cal analysis, but not in the metrical analysis. Maximum length, maximum
width and minimum width of each intact cervical rib were then mea-
sured with an electronic caliper (precision: 1/10 mm; Figure 4).
Correlation between the estimated age at death in CWA and the

maximum length of the cervical ribs was analyzed using a Pearson
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FIGURE 3 Insitu identification of the
cervical ribs, examples. (A) Right cervical
rib of the individual S56, (B) bilateral
cervical ribs of the individual S11, (C) right
cervical rib of the individual S58, and (D)
left cervical rib of the individual S71

FIGURE 4 lllustration of the
measurements acquired during the

biological study on the right cervical rib

of the individual S60. L, maximum length;
Min W, minimum width; Max W, maximum
width

linear correlation test. In the case of bilateral cervical ribs, only the
longest one was conventionally included in the sample tested. Age
at death was treated as a continuous variable. All analyses were con-
ducted in the free software R*(version 3.3., R Core Team, 2017).

3 | RESULTS
3.1 | General frequencies

Cervical ribs were identified in the field in 28 of the 64 individuals, for
a total of 45 ribs. An individual (522) who died aged between 1 and
2 years, identified in the field with bilateral cervical ribs, was then ex-
cluded from the sample during the laboratory study. His/her spine had
been severely disrupted by looting, which made the position of the ribs
uncertain, especially since they looked much more like supernumerary

lumbar ribs. According to the laboratory study, at least 27 of the 64

immature individuals had unilateral or bilateral cervical ribs, which cor-
responds to a frequency of 42%. Among the 54 individuals deceased
during the perinatal period, 24 had this anatomical variant, which cor-
responds to a frequency of 44% in the subgroup (Table 2).

These are minimum frequencies and can therefore only be equal
to or lower than the actual frequency, since some ribs may not have
been preserved or found (there was no water sieving), or may have
been broken during the excavation. A total of 43 cervical ribs were
therefore identified. They were mainly observed bilaterally (n = 16
individuals, i.e. 59% of the sample with cervical ribs). This is again
a minimum frequency, since unilateral ribs could have been initially
bilateral, before one was either missed in excavation or destroyed.
For unilateral ribs (n = 11 individuals, 41% of the sample with cervical
ribs), cervical ribs appeared to be more frequent on the right side
(n = 4) compared to the left side (n = 1), but this observation must
be balanced by the large number of ribs with an undetermined side
(n=6).
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3.2 | Metrical and morphological variability
3.2.1 | General description

Of the 43 cervical ribs identified, 32 (30 preserved and the two that
were broken during consolidation) could be taken into consideration
for the morphological study. Each had an expanded lateral head that
could be rounded or more angular, and a smaller medial end, both
with one well-defined articular facet (Figure 5).

The lateral articular facet was the largest and could appear more or
less curved, flat or depressed. The medial articular facet was more or
less inclined and its extent could vary. These articular facets on both
ends allowed us to distinguish the cervical ribs from a hyoid long horn.

Number with cervical ribs

ANATOMICAL
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The shaft of the cervical rib could be straight, bent or slightly twisted.
The medio-posterior border of the shaft could be sharper than the
antero-lateral one, which could be more rounded. The surfaces of the
shafts showed both compact bone and pitting areas, indicating sig-
nificant vascularization and active bone formation processes. There
were no corresponding articular facets on the vertebral hemi-arches.
Within the sample, no morphological difference was identified be-
tween the vertebral hemi-arches of individuals with cervical ribs and
vertebral hemi-arches of individuals without cervical ribs.

Maximum length was preserved for 30 cervical ribs, maximum
width for 32 and minimum width for 31 (Supporting information).
The maximum length of all the cervical ribs ranged between 5.5 mm
(individual S12-1, full-term individual), and 10.3 mm (individual S8,

TABLE 2 Distribution of the cervical
ribs between age groups in the immature

NU

Age groups N Total NB Total
Perinatal period

Highly premature individuals 3 2 2

Slightly premature 2 1 1 0

individuals

Full-term individuals 32 12 7 5

Newborns 17 9 6 3
From 49 CWA to 1 year of age 5 0 3
From 1 to 2 years of age 5 0 0 0
Total 64 27 16 11

NUL

»r O » O O

sample of Sai
NUR NUU
0 0
2 3
1 2
1 1
0 0
4 6

Abbreviations: N, number of individuals in each age group; NB, number of individuals with bilateral
ribs; NU, number of individuals with unilateral ribs; NUL, number of individuals with unilateral left

rib; NUR, number of individuals with unilateral right rib; NUU, number of individuals with unilateral
ribs of undetermined side.

FIGURE 5 Repositioning with
orientation of the cervical rib in relation
to the vertebral hemi-arches and the
vertebral centrum, example of the
individual S11. Arrows, articular surfaces;

A, anterior; L, lateral; P, posterior
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deceased between 49 CWA and 1 year). The average maximum
length of the ribs was 7.4 mm, the average maximum width was
2.1 mm, and the average minimum width was 1.1 mm. The results
of correlation analysis showed a statistically significant and positive
correlation between the estimated age at death and the length of
the elements for the entire sample, including the ribs belonging to
the oldest individuals (P value = 0.002), but not among individuals
deceased during the perinatal period.

3.2.2 | Morphological variability: classification
proposition

As in adults, an important morphological range of variation for cervi-
cal ribs does exist during early childhood, making it possible to pro-
pose the first classification system for these age groups. It is based on
the 30 preserved cervical ribs and on the two that were broken during
the consolidation attempt, elaborated according to two criteria: (1) the
general shape of the rib and (2) the shape of the posterior articular
facet. Four types are proposed (Figure 6) and are described below.

A-type. The A-type has a linear or slightly curved shaft, with the
posterior articular facet curved or flat. The maximum length of the
ribs belonging to the A-type range between 5.5 and 10.3 mm, with
an average maximum length of 7.3 mm. It is represented by 28 ele-
ments out of the 34 observable ribs (82%).

B-type. The B-type has discontinuous profile characterized by
a posterior notched or depressed articular facet. The maximum
length of the ribs belonging to the B-type ranges between 7 and
8.3 mm, with an average length of 7.6 mm. Type B is represented
by three elements out of the 34 observable ribs (i.e. 9% of the
corpus).

ANATQICA, Tl Wi ev-

C-type. The C-type has a non-linear shape, with a large posterior
articular facet and a lateral 'horn-like' bone extension. One C-type
rib is preserved on a newborn (individual S11, maximum length of
10 mm), and two are broken on a highly premature individual, which

corresponds to a total frequency of 9% of the corpus.

3.2.3 | Intra-individual diversity

For bilateral cervical ribs, the left and right elements have an aver-
age difference of 0.6 mm in maximum length, of 0.4 mm in maxi-
mum width and 0.3 mm in minimum width (Supporting information).
For the 12 individuals with bilateral observable cervical ribs, right
and left ribs belong in most cases to the same morphological type
(n = 11/12). Differences were seen only for one individual (511), for

which the right one belonged to A-type, and the left to C-type.

4 | DISCUSSION
4.1 | High frequency of cervical ribs

According to our results, the frequencies of cervical ribs in the ar-
chaeological corpus are extremely high compared to those observed
in contemporary adult populations (Table 1). This discrepancy can
be investigated through several hypotheses. The first hypothesis
(H1) is that the frequencies of the variant observed in adulthood
would be lower because the cervical ribs would in most cases fuse
during childhood with the transverse process of the vertebral hemi-
arch. The second hypothesis (H2) is based on a presumed genetic
origin and heritability of the variation (Barnes, 1994). If it was a

B-type

C-type
FIGURE 6 Morphological variability
of cervical ribs in early life: classification
proposition. Superior view. L, lateral
articular surface; M, medial articular
surface. A-type: right cervical rib of the
individual S11 and cervical rib of the
individual S9. B-type: cervical ribs of the
individual S70 and the individual S39.
C-type: left cervical rib of the individual
S11

0 lcm
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'population-based' characteristic, it could be highly prevalent within
certain groups, even in early childhood. The third hypothesis (H3) is
that the immature individuals with cervical ribs would for the most
part not be represented in the adult sample, since they would die
before adulthood.

H 1 Fusion of the cervical rib with the transverse process of the verte-
bral hemi-arch

Many authors have supported the hypothesis that the cervical
supernumerary rib may be a normal secondary ossification point
occurring at around the 6th fetal month (Black and Scheuer, 1997).
It would remain independent until the age of 4-10 years, when it
merges with the transverse process of the hemi-arch on the sev-
enth vertebra and form the anterior part of the transverse foramen
(Todd, 1912; Gladstone and Wakeley, 1932; O’Rahilly and Gardner,
1975; McNally et al. 1990; O'Rahilly et al. 1990; Black and Scheuer,
1997; Chernoff and Rogers, 2004; Cunningham et al. 2016). As the
element would no longer be identifiable in isolation among older
individuals, the frequencies of cervical ribs in children would hence
be overestimated under the age of 10 years (Black and Scheuer,
1997). Following this hypothesis, the fusing of cervical ribs with
the transverse process of the 7th cervical vertebra could lead to a
longer transverse process than those of the 1st thoracic vertebra,
and may in some cases be identified as apophysomegaly.

However, this hypothesis has been recently debated in the sci-
entific literature (Galis et al. 2006; Bots et al. 2011), since these el-
ements should in that case be found mostly bilaterally in close to
100% of extant samples of individuals in early infancy, and at least

very frequently in archaeological collections. However, this variant is
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observed in only one- to two-thirds of the extant samples of fetuses
and infants, and unilaterally in a quarter to a third of the cases (e.g.
Galis et al. 2006; Bots et al. 2011; Table 3), which is not consistent
with this hypothesis.

H 2 A 'population-based' characteristic

The cervical rib is classically described as a hereditary trait
(Thompson, 1910; Weston, 1956; Berry and Berry, 1967; Barnes,
1994; Black and Scheuer, 1997), and it is interesting to note that one
of the only two adults of the site had one pair of cervical ribs. Even
if the region has been continuously populated since the Paleolithic
(Van Peer et al. 2003; Rots and Van Peer, 2006), the island environ-
ment could induce genetic homogeneity, or even endogamy, and con-
tribute to higher frequencies of such anatomical traits. Furthermore,
the fact that consanguinity leads to the expectation of an increased
incidence of cervical ribs in humans (Palma and Carini, 1990) and
other mammals (Van der Geer, & Galis 2017) was highlighted in the
literature. As the origin of the sample of Palma and Carini (1990) is
unclear, but the radiographs may have been taken on patients, it is,
however, not clear to what extent the study sample is representative
of the general population, and to what extent the incidence of cervi-
cal ribs is related to the isolation of the population itself.

Nevertheless, many studies carried out on contemporary
non-consanguineous collections of immature individuals have
shown very high frequencies of cervical ribs (between 19% and 63%;
Table 3).

In these large extant samples (between 199 and 1000 individu-
als), the possibility of endogamy cannot be taken into account, which

means that this factor is not sufficient to explain the frequency

TABLE 3 Overview of the frequency of cervical ribs in contemporary samples of dead or diseased children

References Description of the sample

Bagnall et al. 1984
spontaneous abortions and hysterectomies.

McNally et al. 1990

Fetuses ranging in gestational age from 8 to 26 weeks,

Stillborn fetuses presented for autopsy (14 gestational weeks

to 42 gestational weeks) deceased in Northwick Park Hospital

(Harrow, UK) between 1972 and 1988.

Schumacher et al.
1992

Galis et al. 2006

Individuals with malignancies up to 21 years old.

Fetuses and infants presented for autopsy between 1992

and 1999 in the Free University Medical Centre (VUMC) in

Amsterdam, including medical abortions.

Bots et al. 2011

Furtado et al. 2011
infants (< 1 year old).

Schut et al. 2019b

Electively aborted fetuses collected at the Institute of Dentistry,
University of Turku (Finland) between 1965 and 1975.

225 stillborns (> 20 weeks old) and 93 deceased live-born

'Fetuses and infants, younger than 1 year old, deceased

Type of sample N Frequency?®, %
Radiographs 728 19
Radiographs 715 63
Radiographs 1000 21.8
Radiographs 598 55

Treated with potassium 199 37.7

hydroxide and alizarin red

Radiographs 225 43.1
Radiographs 374 50.3

between 2009 and 2015 in the Erasmus University Medical
Centre Sophia Children's Hospital, for whom a babygram,

autopsy report and/or SNP Array was available'

Note: N, number of individuals in the sample.
#Frequency of cervical ribs in the sample.
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differences between the Sai corpus and the contemporary adult
corpuses (Table 1).

H 3 The cervical rib during early childhood, a 'morbidity criterion’

A third hypothesis can be put forward considering the nature of
the immature samples with high frequencies of cervical ribs. With
the exception of Schumacher et al. (1992), whose sample includes in-
dividuals indicated with cancer, all studies presented above (Table 3)
were indeed conducted on samples of deceased individuals (fetuses
or infants), which are non-representative of the theoretical natural
population that would include surviving and non-surviving individu-
als (Bots et al. 2011).

Other studies carried out on a sample closer to a natural popula-
tion, such as random or routine medical examinations (Table 4), show
cervical rib frequencies ranging between 0.5% and 5.5%, which is
consistent with the range of variation observed in adult populations,
i.e. between 0.3% and 3% (Table 1).

Cervical ribs therefore appear to be much more frequent in
diseased samples than in samples close to a natural population.
Considering this observation, the hypothesis can be made that the
presence of the cervical rib may cause medical problems, compro-
mising the individual's health, such as those that can be observed
in adults. In adolescents, changes in surrounding tissues similar to
those observed in adults are sometimes identified (e.g. Vercellio
et al. 2003; Grier et al. 2008). To our knowledge, the presence of a
cervical rib in a newborn is only known to cause brachial plexus pa-
ralysis, when the rib mechanically damages nerve structures during
delivery (Tzou, Paternostro-Sluga, Frey, & Aszmann, 2014a, 2014b;
Lewis, 2017). The consequences of this damage are disabling to a
greater or lesser extent depending on the extent of the injury, but
do not jeopardize the survival of the individual (Tzou, Paternostro-
Sluga, Frey, & Aszmann, 2014a, 2014b).

Recent biological and genetic studies, however, indicate that the
cervical rib in early childhood is identified, in mice and in humans, as
positively and significantly associated with the most frequent con-
genital anomalies, and several severe medical conditions [Table 5
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(Adson & Coffey 1927; Gladstone and Wakeley, 1932; Bagnall et al.
1984; McNally et al. 1990; Schumacher et al. 1992; Keeling and Kjaer,
1999; Galis et al. 2006; Bots et al. 2011; Castori et al. 2016, Schut
et al. 2019a; 2019b)].

Its presence is caused by early developmental disruption with
altered expression of Hox genes, which play an important role in the
formation of the axial skeleton (Krumlauf, 1994), and might be re-
sponsible for the thoracification of the seventh cervical vertebrae,
i.e. its partial or complete homeotic transformation into the thoracic
vertebra by the occurrence of one or two cervical ribs (Galis, 1999;
Galis et al. 2006; Bots et al. 2011). At least four mutations of Hox
genes (Hoxa-4, Hoxd-4, Hoxa-5 and Hoxa-6) have been identified in
mice as responsible for the occurrence of this variation (synthesis
in Horan et al. 1995). As these mutations also have an impact on
organogenesis, it results in the occurrence of anomalies that greatly
reduce fitness in mammals (Galis, 1999).

As a consequence, in the sample of Galis et al. (2006), at least
78% of fetuses with cervical ribs died before birth, and 83% be-
fore reaching the age of 1 year. The authors point out that in
comparison, only 9% of the individuals without cervical ribs in the
sample died before this age. Having cervical ribs during early life
might lead to a significantly reduced chance of survival to adult-
hood, and this variant may therefore be considered as an indicator
of a highly compromised health status, i.e. a morbidity criterion
(Anbazhagan and Raman, 1997; Galis, 1999; Galis et al. 2006; Bots
etal. 2011).

4.2 | Morphological and intra-individual variability

Our results indicate that the maximum length of cervical ribs in-
creases in infants as growth progresses; however, as the correlation
is not significant among the individuals who died during the perinatal
period, other factors, such as individual variability, seem to remain
predominant in this subgroup.

In terms of the general morphological variability, the link be-
tween the morphologies observed around birth (Figure 6) and those

TABLE 4 Overview of the frequency of cervical ribs in contemporary samples of children from random medical examination

Study Composition of the sample

Hershkovitz, 2008 Prospective study of low-risk
women with singleton pregnancy

and normal fetal anatomy scan

Davis and King, 1938 cited by
Bots et al. 2011

Naik et al. 1978

Children aged < 13 years, hospital
database

Myelomeningoceles patients who
died before 1 year of age

Schumacher et al. 1992 Infectious disease patients aged

between 15 months and 14 years

Healthy female immature individuals,
relatives of tuberculosis patients.

Carretero and Campo Munoz,
1967

Note: N, number of individuals in the sample.
2Frequency of cervical ribs in the sample.

Type of sample N Frequency?®, %
3D examinations of the fetal ribs were 5/367 1.4

carried out at the time of the routine

anomaly scan at 14-16 or 20-24 weeks of

gestation
Radiographs 1000 1.2
Radiographs 112 4.5
Radiographs 9/200 4.5
Radiographs 25949 0.5
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TABLE 5 Overview of the frequency of cervical ribs in relation to developmental abnormalities in contemporary samples with 30

individuals or more

References Age group Type of anomaly
Bagnall et al. 1984, cited Newborn Cervical rib
by Bots et al. 2011

McNally et al. 1990 Newborn Cervical rib

Schumacher et al. 1992 Immature individuals General rib
anomalies

Schumacher et al. 1992 Immature individuals General rib
anomalies

Schumacher et al. 1992 Immature individuals General rib
anomalies

ten Broek et al. 2012
ten Broek et al. 2012
ten Broek et al. 2012
ten Broek et al. 2012
ten Broek et al., 2012
ten Broek et al. 2012
ten Broek et al. 2012
ten Broek et al. 2012

Fetuses and infants
Fetuses and infants
Fetuses and infants
Fetuses and infants
Fetuses and infants
Fetuses and infants
Fetuses and infants

Fetuses and infants

Cervical ribs
Cervical ribs
Cervical ribs
Cervical ribs
Cervical ribs
Cervical ribs
Cervical ribs

Cervical ribs

Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Galis et al. 2006 Fetuses and infants Cervical rib
Castori et al. 2016 Fetuses and infants Cervical rib
Schut et al. 2019a, Fetuses and neonates Cervical rib
201%9b
Schut et al. 2019a Neonates Cervical rib

Note: N, number of individuals in the sample.

Pathologies N Frequency?®, %
Stillborn 728 19.2
Stillborn 715 63
Neuroblastoma 88 33
Brain tumours 234 274
Soft tissue sarcoma 98 24.5
Bronchopulmonary malformations 68 =81
Cardiovascular malformations 216 =79
Craniofacial malformations 64 =90
Digestive system malformations 110 =84
Limb defects 146 =83
Nervous system defects 121 =75
Skeletal malformations 115 =94
Urogenital malformations 168 =78
Bleeding disorder 98 69.4
Ventricular septum defect 31 54.8
Dysmaturity 59 55.9
Prematurity 68 57.4
Minor developmental anomalies (total) 103 40.8
Major developmental anomalies (total) 309 56
Single developmental anomalies (total) 112 42
Multiple developmental anomalies (total) 290 54.8
Trisomies 172 20.7
Trisomy 21 47 57.4
Oesophageal atresia and anorectal 885 43.9

malformations

?Frequency of cervical ribs or general rib anomalies in the sample; =: frequency after the Figure 5 of ten Broek et al. (2012)

observed in adults in the medical literature (Figure 1) should also be
discussed. It is possible to hypothesize that small cervical ribs, such
as those of A- or B-type, could evolve into adult rudimentary or 'pha-
lanx-like' cervical ribs. C-type cervical ribs could prefigure more de-
veloped supernumerary ribs in adulthood, such as 'rib-shaped' ribs.
If the rudimentary rib frequencies observed in adults were close to
the frequencies of A- and B-type cervical ribs in infants, it could be
an argument in favour of this hypothesis. However, the results of the
study by Sanders and Hammond (2002) showed a different distri-
bution in their corpus of 40 adults. Small or 'rudimentary' ribs (1-2
cm) are observed in 27.5% (n = 11/40) of the sample, 'phalanx-like'
ribs (2-5 cm) in 42.5% (n = 17/40) and complete of 'rib-shaped' ribs
in 30% (n = 12/40).

Regarding intra-individual diversity, cervical ribs in the archaeo-

logical sample are more frequently bilateral (61% of the sample) than

unilateral (Table 2). The same results were found in clinical studies
performed on fetuses and deceased newborn, with bilateral cervical
ribs observed in 70.7% of the elective abortions sample of Galis et al.
(2006), and in 73% of the stillborn sample of McNally et al. (1990).
The frequencies observed in the archaeological sample therefore
appear to be consistent with the results of these clinical studies
in early infancy, particularly considering that they are minimum.
However, no comparison can be made with clinical research studies
in adult contemporary samples, as cervical ribs are alternately indi-
cated to occur mostly bilaterally (e.g. Savgaonkar et al. 2006; Gupta
et al. 2012; Verna, 2014), or mostly unilaterally (e.g. Sharma et al.
2014; Bhat et al. 2015).

For unilateral ribs in modern corpuses of infants, the predominant
side varies also according to the samples. The left cervical rib is more
frequent (17.3% vs. 12% on the right side) in the sample of Galis et al.
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(2006), but less frequent in the sample of McNally et al. (1990) (11%
on the left side and 16% on the right side). Considering bilateral cer-
vical ribs, our results highlight the relatively low intra-individual vari-
ability during early childhood. Only one individual had very different
right and left cervical ribs. Although no frequency data are available,
cases of asymmetries appear, on the contrary, to be more frequent,
for example, among the adult clinical cases of Patterson (1940).

With regard to morphological and intra-individual diversity,
longitudinal studies are needed to identify which shape observed
in immature individuals may develop into a shape observed in
older individuals. The hypothesis that there may be two different
types of cervical ribs, one associated with developmental abnor-
malities, and the other more likely to develop as an adult super-
numerary rib, should also be taken into consideration based on
clinical studies.

4.3 | Conclusions for the 8B-51 Classic
Kerma collection

The frequencies of cervical ribs in the archaeological sample are of
the same order as those observed in collections of individuals with
compromised health status (Table 3). With regard to studies demon-
strating the link between their occurrence and a reduced chance of
survival, these results allow a first identification of the cervical ribs
as an indicator of morbidity in a human past population. Although the
high frequency of cervical ribs may reflect a generally compromised
health status, this has not been identified from the biological study of
the sample, as we did not detect on dry bone the presence of devel-
opmental abnormalities. Of the spinal variations analyzed, only one
lumbar supernumerary rib could be identified. Since ribs were only
measured when all 12 ribs were preserved and positively identified,
the rudimentary 12th rib (i.e. smaller than half the length of the 11th
rib) was searched for in only four individuals. None of them appeared
to show this variation, which appears to be particularly associated
with developmental disorders (ten Broek et al. 2012). However, even
if it has been suggested that vertebral homeotic transformations are
frequent in individuals with cervical ribs (ten Broek et al. 2012), many
disorders identified as being related to their presence occur only in
soft tissue, not in the skeleton (Table 5). This absence of obvious
bone abnormalities does not contradict the hypothesis supported by
the high frequencies of cervical ribs.

Although the potentially isolated nature of the Sai population can-
not be considered the major cause of these cervical rib frequencies,
some influence of a genetic proximity or consanguinity has to be con-
sidered as a contributing factor. Regarding this hypothesis, the study
of the trait in collections of adults from the same chrono-geographi-
cal context, including those from the Kerma necropolis (Simon, 1980;
Bonnet et al. 1991), could be particularly relevant in the future.

As it is currently technically and ethically difficult to obtain ac-
curate morphological information in modern samples, the new data
on the morphological variability of the cervical ribs have to be com-

pared with other archaeological collections. As this characteristic is
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frequently associated with childhood deaths, it should theoretically
be commonly discovered in past populations, in which infant mor-
tality was very high. On average, one in two children dies before the
age of five before Jennerian vaccination (Ledermann, 1969). The fact
that the 8B-51 sample is, to our knowledge, the first documented
archaeological collection of cervical ribs in immature individuals
would therefore appear to be unusual; however, two factors may ex-
plain this situation, the first being the fact that discoveries of series
of immature individuals are in fact a recent phenomenon in itself.
The children who died in their first years of life are regularly men-
tioned as under-represented in funerary sites (Blaizot et al. 2003;
Lewis, 2007). Shallower dug graves than those of adults and more
frequently disturbed graves may have limited the sample constitu-
tion. As such, the development of the principles of archaeothana-
tology (Duday et al. 1990; Duday and Guillon, 2006; Duday, 2009)
has played and will continue to play a role in the constitution of the
immature samples. The second factor explaining this lack of archae-
ological samples with cervical ribs is that this anatomical structure,
being extremely small and fragile, may have been rarely preserved in
the sediment or easily missed during the excavation of infant burials.
Continued archaeological excavations with increased attention to
this feature, particularly in sandy sedimentary environments, could
therefore improve knowledge of anatomical variability in infants and

young children.
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